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1
DETECTION APPARATUS FOR
DIFFERENTIAL-CHARGED PARTICLE
MOBILITY ANALYZER

CROSS-REFERENCE TO RELATED
APPLICATION

This patent application claims priority to U.S. Provisional
Patent Application No. 61/087,148, entitled “Detection
Apparatus For Differential-Charged Particle Mobility Ana-
lyzer,” filed Aug. 7, 2008, which is hereby incorporated by
reference in its entirety for all purposes.

FIELD OF THE INVENTION

The present invention generally relates to the fields of
particle size analysis including the analysis of biological par-
ticles including lipoproteins, nucleic acids and proteins for
diagnostic purposes utilizing ion mobility measurement
devices.

BACKGROUND OF THE INVENTION

The following description is provided solely to assist the
understanding of the present invention. None of the refer-
ences cited or information provided is admitted to be prior art
to the present invention. All patents and other references cited
in the specification are incorporated by reference in their
entireties, including any tables and figures, to the same extent
as if each reference had been incorporated by reference in its
entirety individually.

Cardiovascular disease is the leading cause of death in the
United States. The most commonly used and accepted meth-
ods for determining risk of future heart disease include evalu-
ating serum levels of cholesterol and lipoproteins in light of
patient demographics and current health. There are well
established recommendations for cut-off values for bio-
chemical markers for determining risk, including, for
example without limitation cholesterol and lipoprotein levels.
However, cholesterol and lipoprotein measurements are
clearly not the sole contributors to cardiovascular disease
because as many as 50% of people who are at risk for prema-
ture heart disease are currently not encompassed by the ATP
IIT guidelines (i.e., Adult Treatment Panel III guidelines
issued by the National Cholesterol Education Program and
the National Heart, Lung and Blood Institute).

SUMMARY OF THE INVENTION

The present invention provides apparati and methods for
detecting fluorescently labeled biological particles with a
differential-charged particle mobility analysis device.

Thus, in a first aspect, the invention features an apparatus
for differential-charged particle mobility analysis and fluo-
rescence detection. The apparatus has one or more pumps, an
ionizer, a differential-charged particle mobility analyzer, and
a fluorescence detection system. The pump(s) transport a
sample containing fluorophore labeled particles through a
capillary where they are charged by the ionizer. The differen-
tial-charged particle mobility analyzer receives a sample of
particles charged by the ionizer. The particles are then ana-
lyzed by differential-charged particle mobility analysis and
fluorescence from the charged particles is detected.

In some embodiments, the apparatus further comprises an
autosampler adapted to provide a sample for differential-
charged particle mobility analysis to the one or more pumps.
In some embodiments, the fluorescence detection system of
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the apparatus comprises one or more excitation sources and
one or more fluorescence detectors. In some related embodi-
ments, the fluorescence detection system comprises a single
excitation source and a single fluorescence detector posi-
tioned on either side of a flow of the sample of charged
particles. In some other related embodiments, the fluores-
cence detection system comprises an excitation source and
multiple fluorescence detectors. In some further related
embodiments, the excitation source and fluorescence detec-
tors are arranged in an annular array positioned around a flow
of the sample of charged particles.

In some embodiments, the one or more excitation sources
comprise one or more laser excitation sources. In some
related embodiments, a laser excitation source operates in
pulse mode. In other related embodiments, the laser excita-
tion source operates in continuous mode.

In a second aspect, the invention features method of deter-
mining the recovery of particles subjected to differential-
charged particle mobility analysis. In the method, a known
amount of a fluorophore labeled particle is added to a sample.
The fluorophore labeled particles are then introduced to an
apparatus for differential-charged particle mobility analysis
and fluorescence detection. The amount of fluorophore
labeled particle in the sample after differential-charged par-
ticle mobility analysis is then determined, and the amount of
fluorophore labeled particles detected after differential-
charged particle mobility analysis is compared to the known
amount of fluorophore labeled particles in the sample prior to
analysis to determine recovery. In some embodiments, the
sample is a biological sample. In some embodiments, the
fluorophore labeled particle is a fluorophore labeled lipopro-
tein, nucleic acid or protein. In other embodiments, the fluo-
rophore labeled particle comprises a fluorophore labeled
lipid. In related embodiments, the fluorophore labeled lipid is
labeled with a lipophilic fluorophore. In some embodiments,
the lipophilic fluorophore is selected from the group consist-
ing of 1,1'-dioctadecyl-3,3,3',3'-tetramethylindocarbocyna-
nine perchlorate (Dil), 3,3'-dioctadecyloxacarbocynanine
perchlorate (DiO), 1,1'-dioctadecyl-3,3,3',3'-tetramethylin-
dodicarbocynanine perchlorate (DiD), 1,1'-dioctadecyl-3.3,
3" 3'-tetramethylindotricarbocynanine iodide (DiR), Alexa
Fluor 488 (carboxylic acid, succinimidyl ester ‘mixed iso-
mers’), and fluorescein-5-EX, succinimidyl ester; preferably
Dil or Alexa Fluor 488.

In a third aspect, the invention features a method for quan-
titation of biological particles in a sample. In the method, the
sample is contacted with a first fluorophore labeled entity that
is capable of integrating into a particle of interest to generate
first fluorescently labeled particles. The first fluorescently
labeled particles are then introduced to an apparatus for dif-
ferential-charged particle mobility analysis and fluorescence
detection and the fluorescently labeled particles are quanti-
tated in the apparatus. In some embodiments, the sample is a
biological sample; preferably plasma. In some embodiments,
the biological particles are Lipoprotein (a) particles; and the
fluorophore labeled entity is an aptamer or antibody capable
of specifically binding Apolipoprotein (a). In some embodi-
ments, the sample comprises one or more of the group con-
sisting of high density lipoprotein (HDL), low density lipo-
protein (LDL), intermediate density lipoprotein (IDL), very
low density lipoprotein (VLDL), and oxidized LDL.

In some embodiments, the method further comprises con-
tacting the sample with a second fluorophore labeled entity
comprising fluorophore labeled aptamers or antigens capable
of specifically binding Apolipoprotein A1 (Apo Al) and/or
Apolipoprotein B (Apo B) prior to differential-charged par-
ticle mobility analysis, wherein the first and second fluoro-
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phore labeled entities have different fluorescence character-
istics. In some related embodiments, the method further
comprises contacting the sample with a third fluorophore
labeled entity comprising a fluorophore labeled binding pro-
tein capable of specifically binding oxidized LDL prior to
differential-charged particle mobility analysis, wherein the
first, second, and third fluorophore labeled entities have dif-
ferent fluorescence characteristics.

In some embodiments, the biological particle is a protein.
In some embodiments, the biological particle is a nucleic
acid.

In some embodiments, the biological particle is a lipopro-
tein and the first fluorophore labeled entity is a lipophilic
fluorophore. In related embodiments, the lipophilic fluoro-
phore is selected from the group consisting of 1,1'-dioctade-
cyl-3,3,3',3'-tetramethylindocarbocynanine perchlorate
(Dil), 3,3'-dioctadecyloxacarbocynanine perchlorate (DiO),
1,1'-dioctadecyl-3,3.3".3'-tetramethylindodicarbocynanine
perchlorate (DiD), and 1,1'-dioctadecyl-3,3,3',3'-tetrameth-
ylindotricarbocynanine iodide (DiR), Alexa Fluor 488 (car-
boxylic acid, succinimidyl ester ‘mixed isomers”), and fluo-
rescein-5-EX,  succinimidyl ester; preferably 1,1'-
dioctadecyl-3,3,3',3'-tetramethylindocarbocynanine
perchlorate (Dil) or Alexa Fluor 488 (carboxylic acid, suc-
cinimidyl ester ‘mixed isomers’).

In some embodiments, the first fluorophore labeled entity
is a fluorophore labeled lipid. In some related embodiments,
the fluorophore labeled lipid is labeled with a lipophilic fluo-
rophore. In further related embodiments, the lipophilic fluo-
rophore is selected from the group consisting of 1,1'-diocta-
decyl-3,3,3",3'-tetramethylindocarbocynanine  perchlorate
(Dil), 3,3'-dioctadecyloxacarbocynanine perchlorate (DiO),
1,1'-dioctadecyl-3,3.3".3'-tetramethylindodicarbocynanine
perchlorate (DiD), and 1,1'-dioctadecyl-3,3,3',3'-tetrameth-
ylindotricarbocynanine iodide (DiR), Alexa Fluor 488 (car-
boxylic acid, succinimidyl ester ‘mixed isomers”), and fluo-
rescein-5-EX,  succinimidyl ester; preferably 1,1'-
dioctadecyl-3,3,3',3'-tetramethylindocarbocynanine
perchlorate (Dil) or Alexa Fluor 488 (carboxylic acid, suc-
cinimidyl ester ‘mixed isomers’).

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows a cross-sectional schematic of one possible
arrangement of a fluorescence excitation source and multiple
fluorescence detectors around the laminar-flow air stream.

FIG. 2 shows an in-perspective schematic of a second
possible arrangement of multiple fluorescence excitation
sources and multiple fluorescence detectors arranged linearly
along the laminar-flow air stream.

FIG. 3 shows a cross-sectional schematic of a third pos-
sible arrangement of a single fluorescence excitation source
and multiple fluorescence detectors arranged in an annular
fashion surrounding the path of the laminar-flow air stream.

FIG. 4 shows a schematic of one possible apparatus for
differential-charged particle mobility analysis and fluores-
cence detection with sequential particle detector/counter and
fluorescence detection systems. In the example shown, the
particle detector/counter system is upstream of the fluores-
cence detection system.

FIG. 5 shows a schematic of one possible apparatus for
differential-charged particle mobility analysis and fluores-
cence detection with sequential particle detector/counter and
fluorescence detection systems. In the example shown, the
fluorescence detection system is upstream of the particle
detector/counter system.
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FIG. 6 shows a schematic of one possible apparatus for
differential-charged particle mobility analysis and fluores-
cence detection with a single detection system for simulta-
neous particle detection/counting and fluorescence detection.

FIG. 7 demonstrates a particle number versus size profile
generated from a sample of the Alexa Fluor 488 labeled
particles.

FIG. 8 shows the profile of FIG. 7, converted to mass units,
overlaid on a lipoprotein size categorization scheme.

DETAILED DESCRIPTION OF THE INVENTION

The present invention contemplates ion mobility analysis
systems for differential-charged particle mobility analysis
and fluorescence detection, methods of preparation of
samples for differential-charged particle mobility analysis
and fluorescence detection, and methods of differential-
charged particle mobility analysis and fluorescence detec-
tion.

Differential-charged particle mobility analysis utilizes the
principle that particles of a given size and charge state behave
in a predictable manner when carried in a laminar-air flow
passed through an electric field. Accordingly, differential-
charged particle mobility analysis is a technique to determine
the size of a charged particle undergoing analysis when the
charged particle is exposed to an electric field.

Electrical mobility is a physical property of an ion and is
related to the velocity an ion acquires when it is subjected to
an electrical field. Electrical mobility, Z, is defined as

S Y ®
E

where V=terminal velocity and E=electrical field causing
particle motion. Particle diameter can be obtained from

B neC,
" 3and

@

where n=number of charges on the particle (in this case a
single charge), e=1.6x107'° coulombs/charge, C_=particle
size dependent slip correction factor, n=gas viscosity, and
d=particle diameter. Accordingly, solving for d provides the
following relationship:

neC. E
T B v

®

Thus, an explicit relationship for particle diameter as a
function of known parameters results. By setting the param-
eters to different values, different particle diameters of the
charged particles may be selected as further described below
and known in the art. In preferred methods of differential-
charged particle mobility analysis, the electric field strength E
acting upon the charged particle is varied during analysis.

In differential-charged particle mobility analysis, particles
(e.g., lipoproteins and the like) are carried through the system
using a series of laminar airflows. The particles in a volatile
solution are introduced to an electrospray chamber contain-
ing approximately 5% CO, wherein the particles desolvate. In
the electrospray chamber, the desolvated charged particles
are subjected to ionized air, introduced for example without
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limitation by an alpha particle emitter in the chamber. Based
on Fuch’s formula, a predictable proportion of particles
emerge from the chamber carrying a single charge and are
transported from the chamber to the Differential Mobility
Analyzer (DMA). For details on Fuch’s formula, reference is
madeto Fuchs, N.A.: The Mechanics of Aerosols, Macmillan,
1964. Detailed descriptions of various components useful in
one type of differential-charged particle mobility analyzer are
found in Caulfield, et al. (U.S. patent application Ser. No.
11/760,672, filed Jun. 8, 2007, and Ser. No. 11/760,700, filed
Jun. 8, 2007; incorporated by reference herein in their
entirety).

As used herein, “Differential Mobility Analyzer,” “DMA”
and like terms refer to devices for classifying charged par-
ticles on the basis of ion electrical mobility, as known in the
art and described herein.

In differential-charged particle mobility analysis, the size
of particles with a known uniform charge may be determined
from the mobility thereof. In the DMA, the particles enter at
the top outer surface of the chamber and are carried in a fast
flowing laminar-air flow (i.e., “the sheath flow”). The sheath
flow is filtered air recirculated through the DMA at a constant
velocity, for example without limitation of about 20 L/min.
This velocity, however, can be varied to facilitate collection of
particles of different sizes. As the particles pass through the
DMA (carried in the sheath flow) the electric potential across
the chamber is ramped up at a known rate. As the electrical
potential changes, particles of different diameter are collected
via a slit at the bottom inner surface of the chamber. Particles
follow a non-linear path through the DMA depending on their
charge and diameter. At any given electrical potential, par-
ticles of known size will follow a path that will allow them to
pass through the collecting slit. Particles passing through the
collecting slit are picked up by another, separate laminar-flow
air stream and are carried to a detection system.

Ion mobility analysis systems of the present invention uti-
lize differential-charged particle mobility analysis in con-
junction with fluorescence detection. Thus, in the ion mobil-
ity analysis system of the present invention, the detection
system comprises a condenser, a fluorescence detection sys-
tem, and a particle detection and counting system.

Schematic representations of exemplary ion mobility
analysis systems of the present invention are shown in FIGS.
4-6. These figures illustrate three exemplary configurations of
various detection system components. In the demonstrated
systems, the sample undergoes differential-charged particle
mobility analysis at 48 prior to reaching the detection system.
Particles exit the differential-charged particle mobility analy-
sis device 48 at port 50 carried in a laminar-flow air stream.

As the laminar-flow air stream carrying the particles enters
the detection system, the particles pass through a condenser
52. The condenser enlarges the particles by condensation to a
size that can be detected and counted, for example by a laser
detection system. Multiple orientations of the remaining
components are possible and description of the following
examples are not meant to be limiting. As seen in FIG. 4, the
particles emerge from the condenser into a light tight enclo-
sure 56 containing a particle detection and counting system
and a fluorescence detection system. FIG. 4 shows an
example in which the particle detection and counting system
is upstream of the fluorescence detection system. The particle
detection and counting system contains an excitation source
58, such as a laser, and a detector 60. Such particle detection
and counting systems are well known in the art. The fluores-
cence detection system comprises an excitation source 62,
such as a laser, and a fluorescence detector 64.
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The arrangement illustrated in FIG. 5 is distinguished from
the arrangement described above in that the fluorescence
detection system is located upstream relative to the particle
detection and counting system; i.e., particles exiting the con-
denser 52 must first pass through the fluorescence detection
system (excitation source 62 and fluorescence detector 64)
before passing through the particle detection and counting
system (excitation source 58 and detector 60).

The arrangement illustrated in FIG. 6 contains only a single
excitation source 68 which is used in a combined particle
detection and counting and fluorescence detection system. In
this arrangement, particles exit condenser 52 and pass
through the combination detection system. The combination
detection system has a single excitation source 62 a detector
array 70. The details are not shown in FIG. 6, however,
detector array 70 contains a particle detection and counting
system (e.g. a scattering detector) and at least one fluores-
cence detector. More complicated arrays are possible and are
described below.

In some embodiments, excitation source(s) and fluores-
cence detector(s) are positioned on either side of the charged
particle flow such that the particle flow passes between exci-
tation source/fluorescence detector pairs. Configured in this
way, fluorescence detection systems utilizing multiple pairs
of excitation sources/fluorescence detectors are arranged
such that the particle flow passes between pairs sequentially.
In other embodiments, multiple excitation sources and/or
detectors may be arranged in an array located around the flow
path. In related embodiments, the excitation sources and/or
detectors in this array may be arranged annularly. Any result-
ing fluorescence is detected, e.g. through the selective orien-
tation and use of light filters and detectors well known in the
art.

The particles that exit the condenser are also detected and
counted with a particle detection and counting system, such
as a laser detection system. The detection and counting sys-
tem may be combined with the fluorescence detection system
such that detection and counting of charged particles occurs
concurrently with fluorescence detection. Alternatively, the
detection and counting system may be located upstream or
downstream of the fluorescence detection system such that
fluorescence detection and particle detection and counting
occur sequentially. Knowing the electrical potential being
applied to the DMA when the particle was collected permits
accurate determination of the particle diameter and the num-
ber of particles present at that size.

Data generated by the fluorescence detection and particle
detection and counting systems is collected and stored in bins,
for example on a computer as a user-accessible database, as a
function of time for different particle sizes. In this way the
number of particles of any given size range can be determined
and converted to a concentration of particles based on the time
required to collect the data, the flow rate of sample being
introduced into the electrospray device, and the number of
charged particles of the size range.

In embodiments of the first aspect of the invention, the
fluorescence detector system comprises at least one excita-
tion source such as a laser and at least one suitable fluores-
cence detector, for example between one and seven fluores-
cence detectors.

Possible types of excitation sources that could be used in
this application include fixed wavelength lasers or continu-
ous-wavelength lasers (sometimes referred to as tunable
lasers). The fixed wavelength laser may emit at a single wave-
length (such as a Nitrogen laser) or multiple wavelengths
simultaneously (such as a Argon laser or a He—Ne laser).
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Continuous-wavelength lasers can provide various excitation
wavelengths in a controlled manner.

The excitation source may be operated either in a continu-
ous wave mode, in which the output of the laser is relatively
consistent with time, or in a pulsed mode, in which the laser
is fired when a particle is detected. The relative orientation of
an excitation source and fluorescence detector(s) may be
different depending on which of these operational methods is
utilized. For example, if an excitation source is operating in a
pulsed mode, the excitation source and fluorescence
detector(s) will be located downstream relative to the particle
detection and counting system (FIG. 4). In this orientation,
the particle detection and counting system may be used as a
trigger to initiate the pulsed fluorescence excitation source.
However if the excitation source is operating in a continuous
mode, the excitation source and fluorescence detectors may
be located upstream relative to (FIG. 5), in the same array as
(FIG. 6), or downstream relative to (FIG. 4) the particle detec-
tion and counting system. Of the possible orientations for a
continuous excitation source, arranging the excitation source
and fluorescence detector(s) to be located in the same array as
the particle detection and counting system (FIG. 6) is pre-
ferred, so that particles can be detected/counted and fluo-
resced at the same time.

Any suitable fluorescence detector known in the art may be
used. An example of a suitable fluorescence detector is a
wavelength specific photomultiplier tube. If multiple fluores-
cence detectors are utilized in the fluorescence detector sys-
tem, the detectors may be arranged in an array with a single
excitation source.

One exemplary arrangement of a detector system utilizing
a single excitation source and two detectors is illustrated in
FIG. 1, which presents the particle stream 2 in cross-section.
In this example, the fluorescence detection system comprises
a single excitation source 4 at wavelength A, and two fluo-
rescence detectors 6 and 8 that detect at different wavelengths
A, and A;. The arrangement illustrated in FIG. 1 includes an
excitation source 4 and detectors 6 and 8 arranged such that
the angle between the excitation source 4 and either detector
6 or 8 is approximately 90° and the angle between the two
detectors 6 and 8 is approximately 180°. This configuration is
not meant to be limiting as fewer or additional detectors may
be present and numerous orientations are possible for any
excitation source/detector array. As is well known in the art,
an appropriate filter or A specific mirror 10 may be used in
combination with any detector so that only a specific A or A
range is detected by the detector.

Alternatively, each detector may have its own excitation
source, with excitation source/detector pairs arranged
sequentially along the laminar-flow air stream after the
stream exits the condenser. In this arrangement, one or more
excitation source/detector pairs may be used. An exemplary
arrangement of three excitation source/detector pairs
arranged in such a way is shown in FIG. 2, which presents the
particle stream 12 in perspective. The example illustrated in
FIG. 2 has three excitation sources 14, 18, and 22 at A, A5,
and A. The A of any excitation source may be the same as or
may be different from the A of any other excitation source.
Each excitation source has its own fluorescence detector 16,
20, and 24. A different filter or A specific mirror 26 may be
used for each fluorescence detector so that each excitation
source/fluorescence detector pair can be used to detect fluo-
rescence at a different A or A range. The example illustrated in
FIG. 2 has each detector facing the particle beam directly
opposite its excitation source. This arrangement is not meant
to be limiting, as numerous orientations are possible; i.e., the
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angle between an excitation source and its fluorescence
detector may be some angle other than about 180°, such as
about 90°.

In some embodiments, the fluorescence detection system
comprises an excitation source and multiple detectors
arranged in an annular array surrounding the path of the
laminar-flow air stream after the stream exits the condenser.
In these embodiments, a particle detection and counting sys-
tem, such as a laser detection (or light scattering) system, may
also be incorporated into the annular array. A schematic of
one such possible arrangement is illustrated in FIG. 3, which
presents the particle stream 28 in cross section. The example
illustrated in FIG. 3 utilizes a single excitation source 30 at A
that serves the dual purpose of being the fluorescence excita-
tion source as well as the laser source in the particle detection
and counting system. A light scatter detector 44 is positioned
in the array opposite the excitation source 30 for use as the
detector in the particle detection and counting system. In
alternative arrangements, the particle detection and counting
system may be located upstream or downstream of the exci-
tation source(s) and fluorescence detector(s). As discussed
above, the relative orientation of the fluorescence detection
system and the particle detection and counting system may be
limited based on the operational mode of the excitation source
employed. One or more fluorescence detectors are positioned
at other locations in the array. In the example in FIG. 3,
fluorescence detectors 32, 34, 36, 38, 40, and 42 are posi-
tioned such that the angle between any two adjacent compo-
nents is about 45°. However, this specific example is not
meant to be limiting, as fewer or additional fluorescence
detectors may be included in the array. As in the above
described examples, a different filter or A specific mirror 46
may be used for each fluorescence detector so that each fluo-
rescence detector can be used to detect fluorescence at a
different A or A range.

To obtain more accurate biological particle profiles using
differential-charged particle mobility analysis discussed
above, it is desirable to adjust results of analysis for any loss
of biological particles during handling (e.g. sample centrifu-
gation, pipetting and dilutions) prior to introduction of the
sample into the differential-charged particle mobility analy-
sis apparatus. In a second aspect of the invention, fluorophore
labeled particles are added to a sample at a known concentra-
tion for use as an internal standard. By following the label
during processing, the recovery of the labeled particles can be
used to adjust the detected concentrations of similar but unla-
beled particles also present in the sample. Quantitation of
recovery is accomplished by confirming the identity of par-
ticles of a given size range by the detection of fluorescence in
the fluorescence detector and determining the relationship
between the derived concentrations of the fluorescence iden-
tified particles with their known starting concentration. In
preferred embodiments, fluorophore labeled particles have
sizes similar to unlabeled particles of interest in a sample. In
more preferred embodiments, the labeled particles are ana-
logs of the unlabeled particles of interest with an attached
fluorophore. In alternative embodiments, the labeled particles
have significantly different sizes than their unlabeled ana-
logues. In either instance, the recovery rate of fluorophore
labeled particles is assumed to be the same as their unlabeled
analogues.

Asusedherein, “biological particle” refers to a molecule or
non-covalently bound assembly of molecules derived from a
living source of a size appropriate for analysis with an ion
mobility analysis apparatus. Examples without limitation of
biological particles are apolipoproteins, certain nucleic acids,
certain proteins, lipoproteins assembled for example from
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apolipoproteins and lipids; viral components assembled from
non-covalently bound coat proteins and glycoproteins;
immune complexes assembled from antibodies and their cog-
nate antigens, and the like. Appropriate sizes for analysis are
preferably about 2 nm to about 400 nm.

In embodiments of the invention which contemplate bio-
logical particles, the biological particles may derive from a
biological specimen, obtained by methods well known in the
art or as described herein. The terms “biological specimen,”
“biological sample” and like terms refer to explanted, with-
drawn or otherwise collected biological tissue or fluid includ-
ing, for example without limitation whole blood, serum,
plasma, and other biological tissues and fluids. The term
“plasma” in the context of blood refers to the fluid obtained
upon separating whole blood into solid and liquid compo-
nents. The term “serum” in the context of blood refers to the
fluid obtained upon separating whole blood into solid and
liquid components after it has been allowed to clot. In some
embodiments, the biological specimen is of human origin. In
some embodiments, the biological specimen is serum. In
some embodiments, the biological specimen is plasma.

The terms “lipoprotein” and “lipoprotein particle” as used
herein refer to particles obtained from mammalian blood
which include apolipoproteins biologically assembled with
noncovalent bonds to package for example, without limita-
tion, cholesterol and other lipids. Lipoproteins preferably
refer to biological particles having a size range of about 7 nm
to about 120 nm, and include VLDL (very low density lipo-
proteins), IDL (intermediate density lipoproteins), LDL (low
density lipoproteins), Lp(a) (lipoprotein (a)), HDL (high den-
sity lipoproteins) and chylomicrons as defined herein.

Asused herein, “VLDL”, “IDL”, “LDL”, and “HDL” refer
to classifications of lipoproteins as shown in Table 1. It is
understood that the values used in Table 1 for particle diam-
eter are determined by gel electrophoresis methods, as known
in the art. With the ion mobility analysis methods described in
Caulfield et al., it has been observed that lipoprotein diam-
eters obtained with ion mobility analysis are smaller relative
to diameters obtained with gel electrophoresis. Without wish-
ing to be bound by any theory, it is believed that this difter-
ence is due to calibration of the gels. The shift appears to be
linearly related and approximated by the following formula:

0.86*gel diameter=/M diameter

Table 1 describes the standard class and subclass designa-
tions assigned to various lipoprotein fractions using tradi-
tional gel electrophoresis measurements: very low density
lipoproteins (VLDLs) with subclasses VLDL I and 1I; inter-
mediate density lipoproteins (IDLs) with subclasses IDL 1
and II; low density lipoproteins (LDLs) with subclasses I, 11a,
1Ib, Illa, IIIb, IVa and IVb; and high density lipoproteins
(HDLs), which typically includes several subclasses, such as
HDL Ila, 1Ib, 1la, I1Ib, and IIlc.

TABLE 1

Major Lipoprotein Class, Subclass, Density and Particle Size

Class Acronym Name Particle
Subclass Density (g/mL) Diameter (A)
VLDL Very Low Density Lipoprotein
I <1.006 330-370
I 1.006-1.010 300-330
IDL Intermediate Density Lipoprotein
I 1.006-1.022 285-300
I 1.013-1.019 272-285
LDL Logy Density Lipoprotein
I 1.019-1.023 272-285
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10
TABLE 1-continued

Major Lipoprotein Class, Subclass, Density and Particle Size

Class Acronym Name Particle
Subclass Density (g/mL) Diameter (A)
Ila 1.023-1.028 265-272
IIb 1.028-1.034 256-265
Ila 1.034-1.041 247-256
1IIb 1.041-1.044 242-247
IVa 1.044-1.051 233-242
Vb 1.051-1.063 220-233
HDL High Density Lipoprotein
Ila 1.063-1.100 98-130
IIb 1.100-1.125 88-98
Ila 1.125-1.147 82-88
1IIb 1.147-1.154 77-82
e 1.154-1.203 72-77

Without wishing to be bound by theory, it is believed that
the observed differences between ion mobility analysis diam-
eters and gel electrophoresis diameters may also be due to
distortion of lipoproteins interacting with the gel matrix
under the influence of the intrinsic impressed electric field of
the electrophoresis gel. The size difference may also be due to
historical data used to convert particle density (obtained from
analytic ultracentrifuge separations) to particle size obtained
from electron microscopy.

The term “apolipoprotein” as used herein refers to lipid-
binding proteins which constitute lipoproteins. Apolipopro-
teins are classified in five major classes: Apo A, Apo B, Apo
C, Apo D, and Apo E, as known in the art.

As used herein, “Apo Al1” or “apolipoprotein A1” is the
protein known in the art as a protein component of HDL. As
used herein, “Apo(a)” or “apolipoprotein a” is the protein
known in the art as a protein component of Lp(a). As used
herein, “Apo B” or “apolipoprotein B” is the protein known in
the art as a protein component of LDL, IDL, and VLDL, and
indeed is the primary apolipoprotein of lower density lipo-
proteins, having human genetic locus 2p24-p23. ApoB is also
the primary apolipoprotein component of chylomicrons in the
form of ApoB48.

In certain embodiments of the invention, the sample may
be a complex sample or a purified sample. In some preferred
embodiments, the sample is a purified lipoprotein sample.
Purified samples of lipoproteins may be prepared by any
method known in the art, including but not limited to cen-
trifugation and non-centrifugation methods described in
Caulfield, et al. In certain embodiments, the Lp(a) has been
removed from the purified lipoprotein sample and the purified
lipoprotein sample contains at least one from the group con-
sisting of HDL, LDL, IDL, and VLLDL.

As used herein, a “complex sample” is a sample that con-
tains two or more of the following types of particles IDL,
VLDL, LDL, HDL, Lp(a), nucleic acids, albumin, or other
proteins.

As used herein, “albumin” refers to ubiquitous proteins
constituting approximately 60% of plasma proteins, having
density about 1.35 g/mL., as known in the art.

Asusedherein, “Lp(a)” and “lipoprotein (a)”’ refer to a type
of lipoprotein found in serum having a molecular composi-
tion distinct from LDL and IDL. Lp(a) has a particle size that
overlaps with LDL and IDL and therefore can erroneously
contribute to quantitation of LDL and IDL based on particle
size analysis when Lp(a) particles are present in the sample.
Although some patients have naturally occurring low Lp(a)
concentrations, it is believed to be good practice to remove
the Lp(a) prior to LDL size measurements to preclude other-
wise inaccurate measurements for those patients having sig-
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nificant Lp(a) concentrations. However, removal of Lp(a)
particles is not necessary if Lp(a) particles are specifically
labeled with a first fluorophore containing antibody or
aptamer to Apo(a) and thus can be concurrently measured in
a complex sample.

In a third aspect of the invention, detection and/or quanti-
fication of biological particles in a sample is accomplished
with a differential-charged particle mobility analysis appara-
tus through the use of fluorescently labeled entities. Use of
fluorescent labels in this aspect of the invention allows for
detection and/or quantitation of a biological particle of inter-
est without calibration of the instrument or purification of the
sample, as appropriate fluorescently labeled entities are inte-
grated into the particles of interest and measurements with a
differential-charged particle mobility analysis apparatus are
absolute. In preferred embodiments, labeling the biological
particles of interest does not significantly affect their size.
Alternatively, integrating the fluorescently labeled entity into
the particle of interest may significantly affect the particle
size. In these embodiments, it is desirable to know the size of
the unlabeled particle and the magnitude of change caused by
integrating the fluorescently labeled entity; however this
information is not necessary for identifying the presence of
the particle of interest as detection of fluorescently labeled
particles is indicative of the presence of the biological particle
ofiinterestin the sample tested. In certain embodiments of this
aspect, the sample is a biological sample, for example plasma.

As used herein, the term “integrating the fluorescently
labeled entity into the particle of interest™ is used to indicate
that a fluorescently labeled entity has become attached to a
particle of interest with sufficient stability so that the fluores-
cently labeled entity remains attached to the particle of inter-
est while undergoing differential particle mobility analysis.
Forces that give rise to and maintain this attachment are not
intended to be limited in any way. For example, means of
attachment may include ionic, electrostatic, Hydrogen-bond,
van der Waals, or hydrophobic interactions.

In certain embodiments of this aspect, biological particles
of interest may include but are not limited to nucleic acids,
lipoproteins, or other proteins. Means for labeling particles
with a fluorophore vary depending on the nature of the par-
ticles of interest and are well known in the art. Generally
speaking, particles can be labeled with a fluorophore either
externally or internally. Externally labeling a particle is
accomplished by contacting the particle with a fluorescently
labeled entity that integrates into the particle but does not
replace some component of the particle. For example, LDL
may be externally labeled with a lipophilic fluorophore or
with a fluorophore labeled antibody or aptamer to Apo B;
Lp(a) may be externally labeled with a fluorophore labeled
antibody or aptamer to Apo(a); DNA may be externally
labeled with a fluorophore labeled probe; and proteins may be
externally labeled with an appropriate fluorophore labeled
antibody or aptamer. Conversely, internally labeling a particle
is accomplished by contacting the particle with a fluores-
cently labeled entity that integrates into the particle by replac-
ing some component of the particle.

In certain preferred embodiments of this aspect, the bio-
logical particles of interest are Lp(a) particles and the fluoro-
phore labeled entity is an aptamer or antibody capable of
specifically binding Apo(a). In these embodiments, Lp(a) is
fluorescently labeled with a first fluorophore containing an
aptamer or antibody to Apo(a) so that Lp(a) can be identified
and quantitated in a complex sample. This information can
then be used to correct for the contribution of Lp(a) to the
quantitation of LDL and IDL sized particles.
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Inrelated embodiments, Lp(a) is fluorescently labeled with
a first fluorophore containing aptamer or antibody to Apo(a)
and HDL, LDL, IDL and VLDL are labeled with second
fluorophore containing aptamers or antibodies to Apo Al and
Apo B. In these embodiments, the first and second fluoro-
phores have different fluorescence characteristics, i.e., differ-
ent excitation and/or emission wavelengths.

In other related embodiments, Lp(a) is fluorescently
labeled with a first fluorophore containing aptamer or anti-
body to Apo(a); HDL, LDL, IDL and VLDL are labeled with
second fluorophore containing aptamers or antibodies to Apo
Al and Apo B; and oxidized LDL is labeled with a third
fluorophore containing binding-protein. In these embodi-
ments, the first, second and third fluorophores each have
different fluorescence characteristics, i.e., different excitation
and/or emission wavelengths.

In other embodiments of this aspect, the biological particle
of interest is a nucleic acid. In these embodiments, a fluoro-
phore labeled entity able to specifically bind to the nucleic
acid of interest is used. Preparation of probes (both labeled
and unlabeled) capable of specifically binding a particular
nucleic acid is well known in the art.

In other embodiments of this aspect, the biological particle
of interest is a protein other than a lipoprotein. In these
embodiments, a fluorophore labeled entity able to specifically
bind to the protein of interest is used. Preparation of entities
(both labeled and unlabeled) capable of specifically binding a
particular protein is well known in the art.

In certain embodiments of this aspect, the biological par-
ticles of interest are lipoprotein particles and the fluorophore
labeled entity is a lipophilic fluorophore. In these embodi-
ments, lipoproteins are externally labeled with the lipophilic
fluorophore by contacting the lipoproteins with the lipophilic
fluorophore.

The term “lipophilic fluorophore” refers to highly fluores-
cent lipophilic dyes that diffuse into the hydrophobic portion
of'the LDL complex without affecting .DL-specific binding
of'the apoprotein. Examples of suitable dyes include, but are
not limited to lipophilic carboncyanines such as 1,1'-diocta-
decyl-3,3,3',3"-tetramethylindocarbocynanine  perchlorate
(Dil), 3,3'-dioctadecyloxacarbocynanine perchlorate (DiO),
1,1'-dioctadecyl-3,3,3",3'-tetramethyl indodicarbocynanine
perchlorate (DiD), and 1,1'-dioctadecyl-3,3,3',3'-tetrameth-
ylindotricarbocynanine iodide (DiR). Such dyes are typically
weakly fluorescent in water but highly fluorescent and pho-
tostable once incorporated into lipids. Other lipophilic dyes
may be useful in the present invention including some well
known in the art such as AlexaFluor 488 (carboxylic acid,
succinimidyl ester ‘mixed isomers’, Molecular Probes Cat #
A-20000, Mol. Wt. 643.42, Abs @494 nm/Em 517 nm) and
fluorescein-5-EX, succinimidyl ester (Molecular Probes Cat
#F-6130, Mol. Wt. 590.56, Abs @491 nm/Em 515 nm).

In certain related embodiments, the lipophilic fluorophore
is selected from the group of fluorescent lipophilic dyes con-
sisting of but not limited to lipophilic carboncyanines such as
1,1'-dioctadecyl-3,3,3",3'-tetramethylindocarbocynanine
perchlorate (Dil), 3,3'-dioctadecyloxacarbocynanine per-
chlorate (DiO), 1,1'-dioctadecyl-3,3,3',3'-tetramethylindodi-
carbocynanine perchlorate (DiD), and 1,1'-dioctadecyl-3.,3,
3" 3'-tetramethylindotricarbocynanine iodide (DiR). In other
related embodiments, the lipophilic fluorophore is 1,1'-dio-
ctadecyl-3,3,3',3'-tetramethylindocarbocynanine perchlorate
(Dil); or other dyes such as such as Alexa Fluor 488 (carboxy-
lic acid, succinimidyl ester ‘mixed isomers’, Molecular
Probes Cat # A-20000, Mol. Wt. 643.42, Abs @494 nm/Em



US 9,354,200 B1

13
517 nm) and fluorescein-5-EX, succinimidyl ester (Molecu-
lar Probes Cat # F-6130, Mol. Wt. 590.56, Abs @491 nm/Em
515 nm).

In other embodiments, the biological particles of interest
are lipoprotein particles and the fluorophore labeled entity is
a fluorescently labeled lipid. In these embodiments, lipopro-
tein particles are labeled with the fluorescently labeled lipid
by contacting the particles with the fluorescently labeled
lipid. After contacting the lipoprotein particles with the
labeled lipid, the sample may be incubated for a period of time
to allow the labeled lipid to integrate into the lipoprotein
particles by replacing a lipid component of the lipoprotein
particles. Fluorescently labeled lipids useful in these embodi-
ments may be made by any method known in the art. In certain
related embodiments, the fluorescently labeled lipids are
labeled with a lipophilic fluorophore, such as those described
above.

In some embodiments, fluorescent entities may utilize the
principle of fluorescence quenching and involve a donor fluo-
rophore and a quenching moiety.

The term “fluorophore” as used herein refers to a molecule
that absorbs light at a particular wavelength (excitation fre-
quency) and subsequently emits light of a longer wavelength
(emission frequency). The term “donor fluorophore™ as used
herein means a fluorophore that, when in close proximity to a
quencher moiety, donates or transfers emission energy to the
quencher. As a result of donating energy to the quencher
moiety, the donor fluorophore will itself emit less light at a
particular emission frequency than it would have in the
absence of a closely positioned quencher moiety.

The term “quencher moiety” as used herein means a mol-
ecule that, in close proximity to a donor fluorophore, takes up
emission energy generated by the donor and either dissipates
the energy as heat or emits light of a longer wavelength than
the emission wavelength of the donor. In the latter case, the
quencher is considered to be an acceptor fluorophore. The
quenching moiety can act via proximal (i.e., collisional)
quenching or by Férster or fluorescence resonance energy
transfer (“FRET”).

In proximal quenching (ak.a. “contact” or “collisional”
quenching), the donor is in close proximity to the quencher
moiety such that energy of the donor is transferred to the
quencher, which dissipates the energy as heat as opposed to a
fluorescence emission. In FRET quenching, the donor fluo-
rophore transfers its energy to a quencher which releases the
energy as fluorescence at a longer wavelength. Proximal
quenching requires very close positioning of the donor and
quencher moiety, while FRET quenching, also distance
related, occurs over a greater distance (generally 1-10 nm, the
energy transfer depending on R-6, where R is the distance
between the donor and the acceptor). Thus, when FRET
quenching is involved, the quenching moiety is an acceptor
fluorophore that has an excitation frequency spectrum that
overlaps with the donor emission frequency spectrum. When
quenching by FRET is employed, the assay may detect an
increase in donor fluorophore fluorescence resulting from
increased distance between the donor and the quencher (ac-
ceptor fluorophore) or a decrease in acceptor fluorophore
emission resulting from decreased distance between the
donor and the quencher (acceptor fluorophore).

The term “aptamer” refers to macromolecules composed
of nucleic acid, such as RNA or DNA, that bind tightly to a
specific molecular target. The terms “bind,” “binding” and the
like refer to an interaction or complexation resulting in a
complex sufficiently stable so as to permit separation. In some
embodiments, the aptamer specifically binds Apo A1, Apo B,
or Apo(a). Methods for the production and screening of
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aptamers useful for the present invention are well known in
the art; see e.g., Griffin et al., U.S. Pat. No. 5,756,291, incor-
porated herein by reference in its entirety and for all purposes.

As practiced in the art, the method of selection (i.e., train-
ing) of an aptamer requires a pool of single stranded random
DNA oligomers comprising both random sequences and
flanking regions of known sequence to serve as primer bind-
ing sites for subsequent polymerase chain reaction (PCR)
amplification. Such DNA oligomers are generated using con-
ventional synthetic methods well known in the art. As an
initial and optional step, PCR amplification is conducted by
conventional methods, and the amplified pool is left as duplex
DNA, orused as single stranded DNA after strand separation.
Optionally, transcription into RNA can be conducted. The
term “oligomer pool” in this context refers to such single
stranded or duplex DNA, or RNA transcribed therefrom. The
term “refined oligomer pool” refers to an oligomer pool
which has been subjected to at least one round of selection as
described herein.

Further the aforementioned aptamer training, a “selection”
step is conducted employing a column or other support matrix
(i.e., target-coupled support) having target molecule attached
thereon. Attachment, well known in the art, may be by cova-
lent or non-covalent means. The oligomer pool, or refined
oligomer pool, and target-coupled support are incubated in
order to permit formation of oligonucleotide-target complex,
and the uncomplexed fraction of the oligomer pool or refined
oligomer pool is removed from the support environment by,
for example, washing by methods well known in the art.
Subsequent removal of oligonucleotide by methods well
known in the art results in a refined oligomer pool fraction
having enhanced specificity for a target relative to a prede-
cessor oligomer pool or refined oligomer pool.

In a typical production training scheme, oligonucleotide
recovered after complexation with target or other constituent
of the biological sample is subjected to PCR amplification.
The selection/amplification steps are then repeated, typically
three to six times, in order to provide refined oligomer pools
with enhanced binding and specificity to target or other con-
stituent of the biological sample. Amplified sequences so
obtained can be cloned and sequenced. Optionally, when a
plurality of individual aptamer sequence specific for a target
having been obtained and sequenced, pairwise and multiple
alignment examination, well known in the art, can result in
the elucidation of “consensus sequences” wherein a nucle-
otide sequence or region of optionally contiguous nucleotides
are identified, the presence of which correlates with aptamer
binding to target. When a consensus sequence is identified,
oligonucleotides that contain the consensus sequence may be
made by conventional synthetic or recombinant means.

The term “antibody” refers to an immunoglobulin which
binds antigen (e.g., lipoprotein or other component of the
sample) with high affinity and high specificity. In this context
“high affinity” refers to a dissociation constant of, for
example without limitation 1 uM, 100 nM, 10 nM, 1 nM, 100
pM, or even more affine, characterizing the binding reaction
of antibody with antigen to which the antibody has been
raised. The term “raised” refers to the production of high
affinity antibody by methods long known in the art. Further in
this context, the term “high specificity” refers to a preference
of binding of a target antigen by a test antibody relative to
non-target antigen characterized by a ratio of dissociation
constants of for example without limitation 1, 2, 5, 10, 20, 50,
100, 200, 500, 1000, 10000, or more, in favor of binding of the
target antigen to which the test antibody has been raised.

Antibodies and aptamers contemplated for use in the
present invention include, for example without limitation,
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fluorophore containing derivatives of antibodies and aptam-
ers capable of specifically binding particles of interest.

The terms “about” and “similar” as used herein as related to
a numerical value represents the value +/-10% thereof. Con-
versely, the use of the term “significantly different” to
describe the relationship of two numbers indicates that the
two numbers are not within +/-10% of each other.

EXAMPLES
Example 1
HDL Subfraction Labeling with Fluorescent Probes

The following method was used to conjugate a fluorescent
molecule to HDL subfractions. This method may be applied
to other types of lipoproteins. HDL was isolated from plasma
by sequential flotation to obtain lipoproteins within density
interval 1.063-1.20 g/mL. The total HDL fraction was then
dialyzed to salt background density 1.184 g/ml. and centri-
fuged for 28 hrs at 40,000 rpm, 10° C. in a fixed angle 50.3
Beckman rotor. The 6 ml centrifuge tube was then pipetted to
obtain predominantly large, intermediate and small HDL sub-
fractions, T[0-1], T[1-3] and T[3-6], respectively. The sub-
fractions were then dialyzed against 100 mM NaHCO;, pH
8.5, 4° C. overnight. Protein concentration was measured in
each subfraction using the Lowry method.

HDL subfractions were then labeled with fluorescent probe
Alexa Fluor 488 (carboxylic acid, succinimidyl ester ‘mixed
isomers’, Molecular Probes Cat # A-20000, Mol. Wt. 643.42,
Abs @494 nm/Em 517 nm; i.e., “AF488”) according to
manufacturer’s instructions. Briefly, HDL subfractions were
combined with AF488 at a suggested optimal ratio 10:1 (wt:
wt) maintaining optimal concentrations of HDL and AF488,
>2 mg/ml and 10 mg/ml, respectively. The protocol and quan-
tities of the solutions used are listed in Table 2 below.

TABLE 2
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Example 2

Differential-Charged Particle Mobility Analysis of
Alexa Fluor 488 Labeled LDL

Invrogen product 123380 contains 1 mg/ml. of human
LDL particles labeled with AF488, a highly fluorescent dye.
Alexa Fluor 488 labeled LDL particles were subjected to
differential-charged particle mobility analysis to assess the
effect of fluorescence labeling on the size of the particles
relative to unlabeled particles.

FIG. 7 demonstrates a particle number versus size profile
generated from a sample of the Alexa Fluor 488 labeled
particles. FIG. 8 shows the particle number profile converted
to mass units overlaid on a lipoprotein size categorization
scheme. As can be seen in these figures, Alexa Fluor 488
labeling does not alter the LDL profile. The particles remain
intact and are detected as LDL particles.

One skilled in the art would readily appreciate that the
present invention is well adapted to obtain the ends and
advantages mentioned, as well as those inherent therein. The
methods, variances, and compositions described herein as
presently representative of preferred embodiments are exem-
plary and are not intended as limitations on the scope of the
invention.

It will be readily apparent to one skilled in the art that
varying substitutions and modifications may be made to the
invention disclosed herein without departing from the scope
and spirit of the invention. Thus, such additional embodi-
ments are within the scope of the present invention and the
following claims.

The invention illustratively described herein suitably may
be practiced in the absence of any element or elements, limi-
tation or limitations which is not specifically disclosed herein.
Thus, for example, in each instance herein any of the terms
“comprising”, “consisting essentially of”” and “consisting of”
may be replaced with either of the other two terms. The terms

Protocol for HDL labeling with Alexa Fluor 488.

Incubation Mixtures

Ligand AF488 Stop
Stk Co Stk Co Tot. Vol Soln
HDL Subf. mg/ml ul mg mg/ml ul mg i ul
T[0-1] 3.59 560 2.01 10 20.104 0.2010 580 40
T[1-3] 3.18 625 199 10 19.875 0.1988 645 40
T[3-6] 6.39 785  5.02 10 50.162 0.5016 835 100
Total 90.1405 0.901405

1 - Add HDL subfraction to glass vial containing magnetic-stir bar
2 - While stirring at rm. temp., add AF488 volume to ligand slowly.
3 - Incubate mixture for 1 hour w/continuous stirring,

4 - Add Stop Solution (1.5M Tris, pH 8.0). Incubate at room temp 30 min.

5 - Dialyze labeled HDL Subfractions to 20 mM Tris. 150 mM NaCl, 0.27 mM EDTA, pH 8 [in cold box, protect from light]

vs. 1 liter overnight, and 2 x 1 L dialysate volume changes.

The fluorescent probe fluorescein-5-EX, succinimidyl
ester, obtained from Molecular Probes (Cat # F-6130), was
used to label HDL subfractions in the same manner as
described above for AF488. The above methods were also
used to fluorescently label VDL and LDL. Additional tests
were conducted to fluorescently label a mixture of high

60

and expressions which have been employed are used as terms
of description and not of limitation, and there is no intention
that in the use of such terms and expressions of excluding any
equivalents of the features shown and described or portions
thereof, but it is recognized that various modifications are
possible within the scope of the invention claimed. Thus, it

molecular weight standards (Pharmacia HMW Standard s should be understood that although the present invention has

Mix) containing thyroglobulin, apoferritin, catalase, lactate
dehydrogenase, and albumin.

been specifically disclosed by preferred embodiments and
optional features, modification and variation of the concepts
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herein disclosed may be resorted to by those skilled in the art,
and that such modifications and variations are considered to
be within the scope of this invention as defined by the
appended claims.

In addition, where features or aspects of the invention are
described in terms of Markush groups or other grouping of
alternatives, those skilled in the art will recognize that the
invention is also thereby described in terms of any individual
member or subgroup of members of the Markush group or
other group.

Also, unless indicated to the contrary, where various
numerical values are provided for embodiments, additional
embodiments are described by taking any two different val-
ues as the endpoints of a range. Such ranges are also within
the scope of the described invention.

Thus, additional embodiments are within the scope of the
invention and within the following claims.

What is claimed is:

1. A method for absolute quantitation of a number of lipo-
protein particles in a biological sample, said method compris-
ing:

a) contacting said sample with a first fluorophore labeled
entity capable of integrating into a lipoprotein particle of
interest in the sample to generate a first fluorescently
labeled lipoprotein particle;

b) introducing the first fluorescently labeled lipoprotein
particles to an apparatus for differential-charged particle
mobility analysis and fluorescence detection; and

¢) quantitating the number of fluorescently labeled lipo-
protein particles in the apparatus;

wherein said lipoprotein particles are Lipoprotein (a) par-
ticles; and said fluorophore labeled entity is an aptamer
or antibody capable of specifically binding Apolipopro-
tein (a).

2. The method of claim 1, wherein said biological sample
is selected from the group consisting of whole blood, serum,
and plasma.

3. The method of claim 1, wherein said sample comprises
one or more lipoprotein particles selected from the group
consisting of high density lipoprotein (HDL), low density
lipoprotein (LDL), intermediate density lipoprotein (IDL),
very low density lipoprotein (VL.DL), and oxidized LDL.

4. The method of claim 3, further comprising:

d) contacting said sample with a second fluorophore
labeled entity prior to introduction into the differential
mobility analyzer,

wherein said second fluorophore labeled entity comprises
fluorophore labeled aptamers or antibodies capable of
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specifically binding one or more of Apolipoprotein Al
(Apo Al) or Apolipoprotein B (Apo B), and wherein
said first and said second fluorophore labeled entities
have different fluorescence characteristics.

5. The method of claim 4, further comprising:

e) contacting said sample with a third fluorophore labeled
entity prior to introduction into the differential mobility
analyzer,

wherein said third fluorophore labeled entity comprises a
fluorophore labeled binding protein capable of specifi-
cally binding oxidized L.DL, and wherein said first, said
second, and said third fluorophore labeled entities have
different fluorescence characteristics.

6. The method of claim 1, wherein said first fluorophore

labeled entity is a lipophilic fluorophore.

7. The method of claim 6, wherein said lipophilic fluoro-
phore is selected from the group consisting of 1,1'-dioctade-
cyl-3,3,3',3'-tetramethylindocarbocynanine perchlorate
(Dil), 3,3'-dioctadecyloxacarbocynanine perchlorate (DiO),
1,1'-dioctadecyl-3,3,3",3'-tetramethylindodicarbocynanine
perchlorate (DiD), and 1,1'-dioctadecyl-3,3,3',3'-tetrameth-
ylindotricarbocynanine iodide (DiR), Alexa Fluor 488 (car-
boxylic acid, succinimidyl ester ‘mixed isomers”), and fluo-
rescein-5-EX, succinimidyl ester.

8. The method of claim 6, wherein the lipophilic fluoro-
phore is 1,1'-dioctadecyl-3,3,3',3'-tetramethylindocarbocy-
nanine perchlorate (Dil) or Alexa Fluor 488 (carboxylic acid,
succinimidyl ester ‘mixed isomers’).

9. The method of claim 1, wherein the first fluorophore
labeled entity is a fluorophore labeled lipid.

10. The method of claim 9, wherein said fluorophore
labeled lipid is labeled with a lipophilic fluorophore.

11. The method of claim 10, wherein said lipophilic fluo-
rophore is selected from the group consisting of 1,1'-diocta-
decyl-3,3,3',3"-tetramethylindocarbocynanine  perchlorate
(Dil), 3,3'-dioctadecyloxacarbocynanine perchlorate (DiO),
1,1'-dioctadecyl-3,3,3",3'-tetramethylindodicarbocynanine
perchlorate (DiD), and 1,1'-dioctadecyl-3,3,3',3'-tetrameth-
ylindotricarbocynanine iodide (DiR), Alexa Fluor 488 (car-
boxylic acid, succinimidyl ester ‘mixed isomers”), and fluo-
rescein-5-EX, succinimidyl ester.

12. The method of claim 11, wherein the lipophilic fluoro-
phore is 1,1'-dioctadecyl-3,3,3',3'-tetramethylindocarbocy-
nanine perchlorate (Dil) or Alexa Fluor 488 (carboxylic acid,
succinimidyl ester ‘mixed isomers’).
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